The metabolism of Rickettsia tsutsugamushi (Gilliam strain) multiplying in irradiated L cells was investigated bymethods involving the use of "4C-labeled substrates and cycloheximide, an inhibitor of eukaryotic metabolism. Cycloheximide-resistant amino acid and adenine incorporations were appreciably higher in infected than in uninfected cultures during the period from 3 to 5 or 6 days postinoculation. The metabolism of R. rickettsi was similarly studied in primary duck embryo cells, which are more susceptible to infection with this rickettsia than are L cells. A difference in cycloheximide-resistant activity between infected and uninfected cultures was also noted, but was small. This finding is attributed to the more limited growth of R. rickettsi.
Previous work from this laboratory (12) has provided a broad outline of the metabolism of Rickettsia typhi and R. akari multiplying in irradiated L cells. This information was obtained by the use of cycloheximide (an inhibitor of eukaryotic metabolism) and by pulse labeling the infected cells with "4C-labeled amino acids and adenine. The effect of infection on the host cells was investigated by the addition to viable (unirradiated) infected and uninfected L cells of'4C-thymidine, which was not incorporated by the rickettsiae. These investigations have now been extended to R. tsutsugamushi and R. rickettsi. For the latter rickettsia, which grows in L cells only to a limited extent, primary duck embryo cells were used (7) . MATERIALS sition, subjected to 3,000 R in a 60Co irradiator, and dispensed in 2-ounce plastic flasks, about 600,000 cells per flask. The resulting monolayer cultures were infected or used as uninfected control cultures 2 or 3 days after irradiation.
Methods not described above were identical to those of previous experiments (12) .
RESULTS
Irradiated L cells inoculated with an estimated multiplicity > 1 < 10 of infectious scrub typhus rickettsiae supported profuse growth of the infecting organisms. Microscopically, the majority of cells were infected on day 1, and numerous intracellular organisms were seen on day 3. Compact masses of rickettsiae located in the cytoplasm near the nucleus and increasing numbers of extracellular organisms were seen at later time intervals. Amino acid incorporation in these cultures was determined (Fig. 1) . Total incorporation in the infected cells was higher than the corresponding values in the uninfected cells only during the fourth day after inoculation; this value declined rapidly after the fourth day and was considerably lower than in uninfected cells on the sixth and seventh days. Cycloheximide-resistant activity was not as high as in R. typhi-or R. akari-infected cultures (12), but was considerably higher than in the uninfected cultures during the third to sixth days. In an experiment investigating events during the first 2 days of infection (not shown), there was a slight depression of total activity during the first day but insignificant difference during the second day. Cycloheximide-resistant (12), the cells were exposed to 3,000 R of 60Co 1 day before inoculation. Either phosphatebuffered saline (PBS) or cycloheximide (2 ,ug/ml) was given 1 h before the addition of 0.1 AiCi of a mixture of 15 '4C-labeled amino acids. Incorporation was tested during five 16-h periods. Because the medium (minimal essential medium containing 25 mMN-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid buffer, 4 mM glutamine, and 10%1o calf serum) was not changed after inoculation of the cultures, the specific radioactivity of the amino acids was not exactly the same at each interval. Each symbol represents the mean of triplicate flasks.
activities were approximately the same in infected and uninfected cultures during both days. In one experiment, labeled adenine was added (Fig. 2) . Differences between infected and uninfected cultures were quite pronounced during the third, fourth, and fifth days of infection, and both cycloheximide-resistant incorporations and total incorporations were higher in the infected cultures. The effect of infection on the host cells was studied by labeling unirradiated L cells with "4C-thymidine daily for 2-h periods. Differences in incorporation during the first 4 days (not shown) between infected and uninfected cultures were small and of doubtful significance.
Although R. rickettsi propagated moderately well in irradiated L cells, as judged by microscopy observations, they induced very small changes in amino acid incorporation in the presence or absence of cycloheximide. Somewhat more satisfactory growth was obtained in unirradiated or irradiated primary duck embryo cells, but even in these cells a high rickettsial cell density was not attained. At the height of infection the rickettsiae formed a loose reticulum rather than compact masses, as do other rickettsiae. Amino acid incorporation by infected and uninfected irradiated duck embryo cells was determined (Fig. 3) . The pattern appeared to be somewhat different than that of the irradiated L cells. The total activity of the uninfected cells was very low during the first day, but it increased steadily during the 7 days of the experiment. The total activity of the infected cultures was approximately the same as that of the uninfected cultures during the first 4 days, but appeared to be somewhat lower on following days. Cycloheximide-resistant incorporation was very low in both infected and uninfected cultures. During the third, fourth, and fifth days, however, it was almost twice as high in the infected cultures, and this difference, judging by the limited variation encountered in triplicate cultures, can be considered as highly significant. A test of adenine incorporation by uninfected and infected irradiated duck embryo cells was performed (Fig. 4) . As in previous experiments with L cells (Fig. 2 and reference 12), adenine incorporation declined rapidly during the period of testing, 5 to 8 days postirradiation. Differences between infected and uninfected cells were more marked than in the tests of amino acid incorporation. Total incorporation was slightly higher in the infected cultures 3 cloheximide-resistant incorporation of amino X r acids and adenine ( Fig. 1-4) . Biochemical determinations are also in agreement with the observations of Kenyon et al. (7), that R. 1.0 rickettsi multiplied to a greater extent in prio) //mary duck cells than in L cells. When plaque Z formation by the various species of rickettsiae is examined, it is clear that the plaques formed by the rickettsiae of the spotted fever group are 90.5 larger and appear sooner than those elicited by CYCLOHEXIMIDE the other rickettsiae (8, 9, 11, 13 4 . Adenine incorporation by R. rickettsiamong replicate cultures or replicate experi-infected and uninfected irradiated duck embryo fiments was relatively small, and that "4C-ade-broblasts. The cells were from the same source as nine was incorporated into the rickettsiae, a those of the previous experiment, except that they n were maintained frozen for about a month and further proof that we were indeed studying allowed to grow for 7 days before irradiation. They rickettsial metabolism. There is no reason to were infected 2 days after irradiation. Each culture doubt that these conclusions apply to the pres-received 60 nmol of adenine labeled with adenine-8-ent work as well.
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on October 16, 2017 by guest http://iai.asm.org/ Downloaded from more rapid host cell injury than do other rickettsiae. This difference is reflected in the effect of infection on thymidine incorporation by the host cells which is described in a previous paper (12) and observed in these experiments as well.
The usefulness of the methods described here for the study of the nutritional requirements of rickettsiae and for the production of labeled rickettsial fractions have already been discussed (12) . Obviously, such studies depend on the achievement of a relatively high rickettsial cell density and can be carried out more easily with R. tsutsugamushi than with R. rickettsi.
